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0 Polypeptldea and peptldea, particularly reoomblnant polypeptide* arJ peptides, nuolelo aolda 
coding for the same and uee of these polypeptides end peptldea In the diagnosis of tuberculosis. 
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© The Invention rolatea : 

- to nuololo solds which contain particularly a nucleotide sequence extending from the extremity constituted 
by the nucleotide at position (1) to the extremity constituted by the nucleotide at position (148) represented 
on Figure 1, 

- to the polypeptides coded by said nuolelo adds. 

The polypeptides of the Invention can be used for the diagnosis of tuberculosis, and can also be part of the 
active principle In the preparation of vaccine against tuberculosis. 
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Tho Invention retetee to polypeptides and peptides, particularly recombinant polypeptide* end peptides, 
which em bo used tor tho diagnosis of tuberculosis. Tho Invention aleo relates to a process for preparing 
the ebove-sald polypeptides and peptides, which are In a state of bWogtaaJ purity such that they can be 
used as part of the active principle In the preparation of vaccines against tuberculosis. 

$ it also reiataa to nucleic adds cooing for said polypeptides and peptides. 

Furthermore* the Invention relates to the in vitro diagnostic methods and kits using the above* said 
polypeptides and peptides and to the vaccines containing the sbove-saJd polypeptides and peptides as 
active principle against tuberculosis. 

By Veeombtnent polyp e p ti des or peptides* It Is to be understood that ft relates to any molecule having 

to a polypeptide chain liable to be produced by genetic engineering, through transcription and translation, of a 
corresponding ONA sequence under the control of appropriate regulation elements within an efficient 
cellular host Consequently, the expression •recombinant polypeptides" such as Is used herein does not 
exclude the possibility for me polypeptides to comprise otner groups, men ee glycosylated groups. 

The term •recombinant* Indeed Involves the fact that the polypeptide has been produced by genetic 

is engineering, particularly because ft results from the expression In a cellular host of the corresponding 
nucleic scio sequences which have previously been Introduced into the expression vector used in said host 
Nevertheless, ft must be understood that this expression does not exclude the possibility for the 
polypeptide to be produced by a different process, for instance by classical chemical synthesis according 
to methods used in the protein synthesis or oy proteolytic cleavage of larger molecules. 

to The expression 'biologically pure* or "biological purity" means on the one hand a grade of purity such 
that the recombinant polypeptide can be used for the production of vaccinating compositions and on the 
other hand the absence of contaminants, more particularly of natural contaminants. 

Tuberculosis remains a major dlseese In developing countries. The situation Is dramatic In aomo 
countries, particularly where high Incidence of tuberculosis smong AID8 patients represents a new source 

n of dissemination of the disease. 

Tuberculosis Is e chronic Infectious disease In which cell-mediated Immune mechanisms play an 
essential role both for protection against and control of the disease. 

Despite DCG vaccination, and some effective drugs, tuberculosis romeJne a msjor global problem. 8Wn 
testing with tuberculin PPD (protein-purified derivative) largely uaed for ecreenlng of the disease is poorly 

id specific, due to cross reactivity with other pathogenic or environmental saprophytic mycobacteria. 

Moreover, tuberculin PPD when used In serological testa (EUSA) does not allow to discriminate 
between patlnnte who have been vaccinated by BCQ, or those who have been primo-lnfooted, from those 
who are developing evolutive tuberculosis and for whom an early and rapid diagnosis would be necessary. 
A protein with a molecular weight of 32-kOe has already been purified from line deficient M. bovjs POP 

ss culture filtrate. This protein wee Identified as antigen 86A (Oe Bruyn J. et af., 1087, •fHirifKdonTparTO 
characterization and Identification of a 3240a protein antigen of Mycobacterium bovjs BCG" Microb. 
Pathogen. 2:381). Its NHr terminal amino acid sequence (Phe-8er-Arg-Pro-Oly-Leu) Is Identical to that 
reported foT the ^antigen (antigen 88B) protein purified from M. Bovie BCQ substrain Tokyo (Wlker, H.O. et 
ah. 1966, "MPB59, a widely croea-maeting protein of MycohocteHumTovfc BCQ " Int. Arch. Allergy Appl. 

40 Immunol. 81307) . The antigen 83-complo* la present among different strains of mycobacteria (De Bruyn J. 
et aU 1888, "Effect of lino defWenoy of the appearanoe of two Immunodominant protein antigens (3240e 
and 85-kDa) m culture filtrates of Mycobacteria' J. Gen Microbiol. 136:78). It la secreted by living bacilli as 
a predominant protein In normal 8auton culture filtrate and cbuH* be useful In the serodlagnoala of 
tuberculosis (Tumeer M. et a!., 1888, "Humoral Immune reeponeo In human tuberculosis: Immunoglobulins 

45 G, A and M directed against the purified P32 protein antigen of Mycobscterium bovje bacillus Palmetto* 
Qugrin * J. Clin. Microbiol. 28:1714) and leprosy (flumschlag H.8. et aJ„ 1888, "Serological response of 
patients with lepromatoue an? tuberculosis leproey to 30-, 81- and 32-k»odafton antigens of Mycobacterium 
tuberculosis " J. Clin. Microbiol. 284200). Furthermore, the M-kDs protein Induces specific lymphoprolifera- 
tioo and interferorr^(IFN~y) production In peripheral blood leucocytes from tuberculosis (Huygen K. et *)., 

so 1888. 'Specifio lymphoprollferation, ^-interferon production end eerum Immunoglobulin G directed against a 
purified 32*kOa mycobacterial antigen (P32) In patients with active tuberculosis* Stand. J. Immunol. 
27:167). and leproey patients and from PPO* and lepromln-poaltlve healthy subjects. Recent findings 
indicate that the amount of 32 kDa protein Induoed IFN-* In BCQ-eensltiied mouse spleen cells is under 
probable H-2 control (Huygen K_ et si, 1888. *H-2«tlnked control of In vitro y Interferon production In 

as response to a 32»kl)oda!ton antigen (P32) of Mycobacterium bovjs bacillu s Calmene»Oudrln ' infect. Imm. 
88:3186). Finally, the high affinity of mycobacteria for flbronoctln Is related to proteine of the antigen 86- 
complex (Abou-Zeid C. et aJ. f 1888. "Characterisation of flbroneetln.bIndIng antigens released by Mycobac- 
terium tuberculosis and Mycobacterium bovls BCQ" Infaa Imm. 683048). ~~~ 
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Wlker et al. (Wlker H.Q. et ah, 1000, "Evldenoo for separate gonee encoding the proteins of the 
mycobacterial amioen 88 complex* Infect Immun. 58272) showed recently that the antigens 85 A. B end C 
isolated from M. bovte BOO culture fl Urate present a few amino acid reptocementa In their NH 2 tormina] 
region strongly euggesflng the existence of multiple genet coding for theee protelnt. But, the date given for 
s the antigen 86C of M. bovis BCQ are Insufficient to enable Re unambiguous IdenHfltDiitty at well as the 
charade riiation of He etruotural and functional elements. 

The oene encoding the e-antlgen from Mycobacterium bovia BCQ hat been described (Borremane L et 
al., 1888. "Cloning, sequence determination and expression of rST-Wlodaton protein gene of Mycobac- 
terium tuberculoma * Infect Immun. 67:3123) which presented 77.8% homology at the DMA level wttNn the 

10 coding region with the cr antigen gene (Matsuo K. et el., 1888, 'donlng end expression of the Mycobog 
terlum bovis BCQ gene for extracellular .-antigen* J. Bacterid. 170:3847). Moreover, we have recently 
Isolated and sequenced a corresponding 32-kOa protein genomic" clone from our Vgt11 8CG library 
(prepared from strain M, bovis BCQ 1173P2 ). The complete sequence of this gene is Identical with that 
from Mycobacterium tuberculoalT except for a single silent nucleotide change (De Wh L et al., 1080, 

is "Nucleotide sequence of the 32 kDa-prrrteln gene (antigen 85A) of Mycobacterium bovit BCQ" Noel. Ac. 
Res. 18:3988). This confirmed the previous findings that partial protein sequence of several tryptlc peptides 
derive? from highly purified 32*De protein from M. bovis BCQ present the oharaotorietlo 85A sequenoe 
(Borremans L et al.. 1988, "Cloning, aequence d^rrr^tJonand expression of a 32-KHodaKon protein 
gene of Mycobacterium tuberculosis ' Infect Immun. 373123 ; De Wit t. et al., 1890, "Nucleotide sequence 

*o of the 32 kDa-proteln gene (antigen 85A) of Myoobaoterlum bovis BCQ" NucL Ac. Res. 18**3006) and not 
the 85B sequence. Thus so far It wo likely, but not demonlirSaBrftuit the genome oTM. bovis BCQ 
contained at toast two genes coding for antigen 89A and 83B respectively. As to the genome of the 
Mycobacterium tuberculosis , nothing waa proved as to the exlstenoe of new genee, beeldes the genes 
coding respectively tor 85X~and 85 B. 

a An aspect of the Invention Is to provide with a new family of nucleic adds coding for new proteins and 
polypeptides which can be used for the detection end control of tuberculosis. 

Another aspect of the invention is to provide nucleic sews coding for the peptidic chains of biologically 
pure recombinant polypeptides which enable their preparation on a large acaJe. 

Another aspect of the Invention Is to provide antigens which can be used In eerologlcal tests as an in 

M vitro rapid diagnostic test for tuberculosis. 

Another aspect of the invention is to provide s rapid In vftro diagnostic means for tuberculosis, ensbllng 
ft to discriminate between patients suffering from an evolutive tuberculosis from those who have been 
vaccinated against BCQ or who have been primo-fflfectsd. 

Another aspect of the invention la to provide nucleic probee which can be used as In vitro diagnostic 

as reagent for tuberculosis as well as In vitro diagnostic reagent for Identifying M. tuberculoid from other 
strains of mycobacteria. """" 
The nucleic acids of the Invention 

* contain a nucleotide aequence extending from the extremity constituted by the nucleotide at position 
(D to the extremity constituted by the nucleotide et position (148) represented on figure 1. 

40 * or contain one et toast of the nucleotide sequences coding for the following peptides or polypeptides : 

• the one extending from the extremity constituted by amino acid at position (-48) to the extremity 
constituted by amino ecld et position (>1) represented on Figure 1. or 

- the one extending from the extremity constituted by amino add at position (-21) to the extremity 
constituted by amino add at position (-1) represented on Figure 1 , or 

45 • 8QSNQQNY. Of 

- PMVQIPRIVA, or 

. QSTLRTNQTPRDTYAAOQQRNQer 

• PPAAPAAPAA 

* or contain nvdeoUdlc aequenoes : 

so • hybridWng with the above-mentioned nucleotide eequences, or their complements, 

• complementary to the above-mentioned nucleotide sequences, or 

- which ere the above-mentioned nucleotide sequences wherein T can be replaced by U, 

* or are constituted by the above-mentioned nucleotide sequences. 
The hybridization takes place under the following conditions : 

«5 • hybridization and wash medium : 

• s preferred hybridisation medium contains sbout 3 x 8SC [SSC - 0.16 M sodium chloride, 0.016 
M sodium dtreto. pH 7] about 25 mM of phosphate buffer pH 7.1. and 20% delonized formamlde, 
0.02% Fkoli, 0.02% BSA, 0.02% polyvinylpyrrolidone and about 0.1 mg/rnl sheared denatured 
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salmon sperm DHK 

• a preferred wish medium contain* about 3 x 86C, about 25 mM phosphate buffar, pH 7.1 and 
20% delonlied temvamlde: 

• hybridization tamparaajr* (HT) and waah temperature (WT) art between 45* C and 66* C; 

a - forth* nucleotide eequenoe extending from tha extremity constituted by the nucleotide at position (1) 
to tha extremity constituted by ma nucleotide ft position (148) represented on Figure 1 : 
HT ■ WT ■ 65"C 

for tha nuelele adds of tha Invention daflnad by codad polypeptides X • Y : l.a. 
. tho sequence extending from ma extremity constituted by the amino acid at position (X) to tha 
to oxtramity constituted by tha amino acid at position (Y) raprasantad on Rgura 1 , 

. tha sequence extending from tha extremity constituted by tha amino add at position (-46) to tha 

axtramtty constituted by the amino acid at position (•!) raprasantad on Rgura 1, 

HT - WT - 65'C 

. tha sequence extending from tha axtramtty eonatitutad by tha amino add it position (-21) to tha 
is oxtramity constituted by tha amino acid at position (-1) raprasantad on Flgura 1, 

HT ■ WT • 60 A C 

for tha nuclale adds daflnad by codad polypeptides represented by their sequence : 
. 30SNGONY HT - WT - 45-C 
. PMVQIPRLVA HT « WT - 65 • C 
SO . GLTLRTNQTPR0TYAA8ORNO HT ■ WT ■ 66 'C 

. PPAAPAAPAA HT • WT • 66 *0. 
Tha abovfr-mantionad tamparaturas are to be axprassad aa approximately i 6* C. 
Advantageous nucleic adds of the invention contain ona at least of tha following nucleotide sequences : 

- tha ona extending from the extremity eonatitutad by tha nucleotide at position (160) to tha extremity 
as constituted by tha nucleotide at position (267) on Flgura 1. 

- the one extending from the extremity constituted by the nucleotide at position (224) to the extremity 
constituted by tha nucleotide at poaition (287) on Figure 1, 

- the ona extending from tha extremity constituted by the nucleotide at position (537) to the extremity 
constituted by tha nucleotide at position (560) on Figure 1, 

so - the ona extending from the extremity constituted by the nucleotide at position (868) to the extremity 
constituted by tha nucleotide at poaition (887) on Rgura 1, 

- tha ona extending from tha extremity constituted by the nucleotide at position (872) to the extremity 
constituted by the nuoleotide at position (1037) on Rgura 1, 

- tha ona extending from tha extremity constituted by me nucleotide at position (i 140) to the extremity 
n constituted by the nucleotide at position (1168) on Rgura 1, or contain nucleotide aequencee : 

- hybridlxlng wtth the above-mentioned nucleotide sequences, or 

• complementary to tha above-mentioned nucleotide sequences, or 

• which are the above-mentioned nucleotide sequences wherein T can be replaced by U, or ere 
constituted by the above-mentioned nucleotide sequences. 

so The hybridization takes place under the following conditions : 

• hybridisation and waah medium are aa above defined; 

• hybridization temperature (HT) end waah temperature (WT) for the nucleic acids of the Invention 
defined by X • Y : i.e. by tha sequence extending from the extremity constituted by the nucleotide at 
position (X) to the extremity constituted by the nucleotide et position CO represented on Rgura 1 ; 

4S (160) - (287) HT • WT • 66»C 

(224) - (287) HT ■ WT ■ 60*C 
(537) • (560) HT • WT • 46*C 
(8S8) - (887) HT • WT - 55 # C 
(872) • (1037) HT ■ WT ■ 65'C 
so (1140) • (1168) HT - WT - 66 # C. 

An advantageous group of nucleic acids of the Invention contains the nucleotide sequence coding for 
the following peptide : 
3Q8NQQNY 

and liable to hybridise with the following nucleotide sequence : 
fit CGGCTGQGAC(or T)ATCAACACCCCQGC 
and liable to hybridize neither with 
QCCTGCQQCAAQQCCQQTTQCCAQ 
nor with 



50 'd 



4 

vdio von 



6I9£9020I£ 



SS:9T t>66T-£0-£0 



EP0 499 0Q3A1 



QCCTQCQQTAAQQCTQOCTQCCAG 
nor with 

QCCTGCQQCAAQQCCaaCTQCACQ 
or are constituted by the iU>mwitloni(j nucleotide sequenoee. 
g The above-mentioned hybridization can tike piece when the hybrtdlzstlon and wash medium la aa 
indicated above; and the hybridization and waah tsmperamre la 62* C. 

The expression -not liable to hybridize wHh* meant that the nucWo aold molecule of the Invention does 
not contain a etretch of nucleotide hybridising at 52*C In the above defined medium with the three probes 
defined above. 

ro Adventegeoue nuclei© aoida of the Invention contain one at least of the above-mentioned nucleotide 
sequences or are constituted by the above-mentioned nucleotide sequences and besides contain an open 
reeding frame coding for a polypeptide 

- liable to react selectively with human sera from tuberculosis patients and particularly patients 
developing an evolutive tuberculosis. 

is • or liable to be recognized by antibodies slso recognising the amino acid sequence extending from the 
extremity constituted by amino add at position (1) to the extremity constituted by amino add at 
position (294} represented on Figure 1, 

- or liable to generate antibodies recognising the amino add eequenoe extending from the extremity 
constituted by amino add at position (1) to the extremity constituted by amino add at position (294) 

so represented on Figure i. 

The recognition of the above-mentioned sequence of the 894 amino acids (or of the polypeptides of the 
Invention) by the above said antibodies means that the abovesaJd sequence forms a complex with one of the 
above-mentioned antibodies. 

Forming a complex between the entlgen (i.e. the sequence of 294 amino soldi or any polypeptide of 
ss the Invention) end the antibodies and detecting the existence of a formed complex can be done according 
to classical techniques (such as the one using a tracer labeled with redteective Isotopes or an enzyme). 

Hereafter la given. In a non Hmltetlve way, a prooeee for testing the selective reaction between the 
antigen and human sera from tuberculosis patients and particularly patients developing an evolutive 
tuberculosis. 

so This test le an Immunoblottlng (Western blotting) analysis, In the case where the polypeptides of the 
Invention are obtained by recombinant techniques. This test can also be used for polypeptides of tne 
Invention obtained by a different preparation process. After sodium dodecyl sutfste-polyacrylemlde gel 
electrophoresis, polypeptides of the Invention ere blotted onto nitrocellulose membranes (Hybond c. 
(Amarsham)) aa described by Towtrfn H. et si. 1979. •glectrophoretic transfer of proteins from 
pdyacrylamWe gels to nitrocellulose sheets: procedure end some applications' Proc. Natl. Acad. 8cl. USA 
70:4360-4394. The expression of polypeptides of the Invention fused to J«gelaetoeidaae In E. coll Y1O80. Is 
vliusllzed by the Nndtao of a polyclonal rabbit antf-32-KDa BCQ protein serum (i:i.000T"o7"6y using a 
monoclonal antf'l-gaJactoeldaao antibody (Fromega). The secondary antibody (alkaline phosphatase anti- 
rabbit Immunoglobulin 0 and antf-mouae alkaline phosphatase Immunoglobulin Q eonjugstes, respectively) 

mo Is diluted ss recommended by the supplier (Promega). 

In order to Identify selective recognition of polypeptides of the Invention end of fusion proteins of the 
Invention by human tuberoubus sere, nitrocellulose sheets ere Incubated overnight with these sere (1:50) 
(after blocking a specific protein-binding sites). The human tuberculous sera are selected for their reactivity 
(high or low) against the purified 32-kOa antigen of BOO tested In a dot blot assay as described In Van 

48 Vooren JJP. et aL, 1999, "Local anti-P32 humoral response In tuberculous meningitis". Tubercle. 70:123- 
129. Reactive areas on the nitrocellulose sheets are revealed by incubation with peroxidase conjugated goat 
anti-human Immunoglobulin 0 antibody (Dakopatta, Copenhagen, Denmark) (1:200) for 4h, and after 
repeated washings, oolor reaction Is developed by adding peroxidase substrate («<hloronaphtol)(Blo-Rad 
Laboratories. Richmond. Calif.) In the presence of peroxidase and hydrogen peroxide. 

so Advantageous nucleic adds of the Invention contain or are constituted by one of the above-mentioned 
nucleotide oequenooe, oontaln an open reading frame and code for a mature polypeptide of about 30 to 
about 35 kO, and contain a sequence coding for a signal sequence. 

Advantageous nucleic adds of the Invention contain one at least of the nucleotide sequences coding for 
the following polypeptides : 

ss - the one extending from the extremity constituted by amino acid at position (-49) to the extremity 
constituted by amino add at position (-1) represented on Figure 1, or 

- the one extending from the extremity constituted by smlno sdd at position (-21) to the extremity 
constituted by smlno acid at position M) represented on Figure 1. or 
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. the one extending from the extremity constituted by imino add at position (-46) to the extremity 

constituted by emino add «t portion (294) repreeented on Figure 1, or 
. the one extending from the extremity constituted by amino add at position (-21) to the extremity 

constituted by ammo add it poeftion (294) represented on Figure 1, or 

• the one extending from the extremity constituted by amino add at position (1) to the extremity 
conttituted by amino add at position (294) represented on Figure 1, 

or contain nucleotide sequences ; 

- hybridizing with the above-mentioned nucleotide sequences, or 

• complementary to me a&ove-fnentioned nucleottts soquencet, or 

- which are the above-mentioned nucleotide sequences wherein T csn be replaced by U. or are 
constituted by the above-mentioned nucleotide sequences. 

The hybridization takes piece under the following conditions ; 

- hybridization and wash medium ars as above defined: 

- hybridization temperature (HT) and wash temperature (WT) for the nucleic adds of the Invention 
defined by coded polypeptide! X • Y: I.e. by the coded sequence extending from the extremity 
constituted by the amino add st position (X) to the extremity constituted by the amino acid at position 
(Y) represented on Figure 1: 

(-48)-(-1)HT - WT • WC 
(-21)-(-1)HT - WT - 80*C 
(•a6)-(294)HT ■ WT ■ 70* C 
(•21) • (284) HT ■ WT - 70* C 
(1)-(284)HT • WT - 70*C. 
Advantageous nucleic adda of tne Invention contain one et least of the following nucleotide sequences : 

• the one extending tarn the extremity constituted by the nucleotide st position (150) to the extremity 
constituted by the nucleotide et position (287) represented on Figure 1. or 

• the one extending from me extremity conrttuted by the nucleotide at position (224) to the extremity 
constituted by the nucleotide et position (297) represented on Figure 1, or 

- the one extending from the extremity constituted by the nucleotide at position (1) to the extremity 
constituted by the nucleotide at position (1 168) represented on Figure 1, or 

. the one extending from the extremity constituted by the nucleotide at position (150) to the extremity 
constituted by the nucleotide at position (1169) represented on Figure 1. or 

• me one extending from the extremity constituted by the nucleotide at position (224) to the extremity 
constituted by the nucleotide et position (1169) represented on Figure 1. or 

- the one extending from the extremity constituted by the nucleotide at position (288) to the extremity 
constituted by the nucleotide at position (1189) represented on Figure 1, 

• the one extending from the extremity constituted by the nucleotide at position (1) to the extremity 
constituted by the nucleotide et position (1211) represented on Figure 1. 

• the one extending from the extremity constituted by the nucleotide at position (150) to the extremity 
constituted by the nucleotide et position (1211) represented on Figure 1, 

• the one extending from the extremity constituted by the nucleotide et position (224) to the extremity 
constituted by the nucleotide at position (1211) represented on Figure 1, 

• the one extending from the extremity constituted by the nucleotide at position (288) to the extremity 
constituted by the nucleotide at position (1211) represented on Figure 1. 

or contain nucleotide eequencee : 

• hybridizing wtth the above-mentioned nucleotide sequences, or 

• complementary to the above-mentioned nucleotide sequences, or 

• which are the above-mentioned nudeotfde sequences wherein T can be replaced by U, or are 
constituted by one et least of the following nucleotide sequences. 

The hybridization takes place under the following conditions : 

• hybridization and wash medium are as above defined; 

• hybridization temperature (HT) and wash temperature (WT) for the nucleic scids of the Invention 
defined for the nucleic adds of the Invention defined by X • Y: I.e. by the sequence extending from 
the extremity constituted by the nucleotide at position (X) to the extremity constituted by the 
nucleotide et position (V) represented on Figure 1 ; 

(150)- (287) HT - WT - 85»C 
(224) - (287) HT ■ WT » 80'C 
(150)- (1188) HT ■ WT ■ 70* C 
(1).(1189)HT ■ WT e 70 # C 



<L0'd 



6 

vdio vnon 



6I9£9020T£ LS'Sl t>66T-£0-£0 



EP0 489 003A1 



(224) - (1189) HT ■ WT ■ 70*C 
(288) • 0188) HT ■ WT ■ 70* C 
An advantageous nucleic Mid eequenoe of the Invention contain a nucleotide eequenoe coding tor a 
polypeptide eequenoe extending from the extremity constituted by the amino add at poaltjon (18) to the 
6 extremity constituted toy the amino acid at position (80) represented on Figure 2B, on tha fifth line, or la 
constituted by this nucleotide eequence. 

An advantageous nucleic add sequence of the Invention contain a nucleotide eequenoe constituted oy 
tho nucleotide at position (»4) to the extremity constituted by the nucleotide at position (828) represented 
on Figure 2A. on the fifth Rne. or la constituted by this nucleotide sequence, 
to The hybfWttation takes place under the following conditions : 

- hybridization and wash medium are as above defined. 
HT • WT ■ 8S*C. 

Tlte Invention raiataa also to the polypeptides coded by the nuolelo sclds of the Invention above 

defined. ^ t . . ^ 

«s Advantageous polypeptides of the Invention contsln In their polypeptide chain, one et least of the 

following amino acid sequences : 

- the one extending from the extremity constituted by amino add at position (-48) to the extremity 
constituted by amino add it position (-1) represented on figure 1, 

- or the one extending from the extremity constituted by amino add at position (-21) to the extremity 
jo constituted by amino add at position (-1) represented on Figure 1 . 

- SOSNQQNY. 

- PMVQlPRLVA, 

- GLTLRTNOTPRDTYAADGGRNG. 
. ppAAPAAPAA. 

26 or are constituted by the above-mentioned polypeptide sequences. 

Advantageous pdypeptldes of the Invention contain In their polypeptide chain, one at least of the 
following amino add sequence : 
SQSNQQNY 

and the amino add sequence 
jo GWDINTPA 

and containing not the amino add sequence 
ACOKAGCQ 

and not the amino add sequence 
ACGKAGCT. 
ss Interesting polypeptides ere : 

SQ8MGQMV 
GWDINTPA. 

40 

Advantageous polypeptides of the Invention ere liable to react selectively with human sera from 
tuberculosis patients end particularly petlonta developing an evolutive tuberculosis, 
or liable to be reoognlaed by antlbodlea also recognizing the polypeptide sequence extending from me 
extremity constituted by amino acid et position (1) to the extremity constituted by amino add at position 
46 (284) represented on Plgune 1, 

or liable to generate antibodies recognizing the polypeptide sequence extending from the extremity 
constituted by amino add at position (1) to the extremity constituted by amino add at position (284) 
represented on Figure 1, 

The Invention also Indudes the peptidic sequences resulting from the modification by substitution 
so snd/or by addition and/or by deletion of one or several amino adds in the above defined poly peptides and 
peptides In so far aa this modification does not alter the following properties : 

selective reaction with human sera from tuberculosis patients and particularly patients developing an 
evolutive tuberculosis. 

and/or reaction with antibodies rsleod against the amino add sequence extending from the extremity 
fis constituted by amino add at position (1). to the ertemlty constituted by amino add at position (284) 
represented on Rg. 1. 

Advantageous polypeptides of the Invention contain or are constituted by one of the above-mentioned 
polypeptide sequences, and are about 30 to about 35 kD and are preceded by e signal peptide. 
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Advantageous polypeptides of me invention contain in meir polypeptide chain, one at lout of the 
following amino acid aequenoea or are constituted by one of the following amino add sequences : 

- me one extending from the extremity commuted by amino add it position (1) to the extremity 
constituted oy amino edd ft position (294) represented on Figure 1, 

o - the one extending from the extremity constituted by amino add at position (-48) to the extremity 
constituted by amino add at position (294) represented on Rgure 1, 

• the one extending from the extremity constituted by amino add at position (-21) to tho extremity 
constituted by amino acid at position (294) represented on Figure 1, 

- the one extending from me extremity constituted by amino add at position (•**) to the extremity 
re constituted by amino edd at position (-1) represented en Figure 1, 

. the one extending from the extremity constituted by amino acid it position (-21) to the extremity 

constituted by amino add it position (-1) represented on Figure 1. 
Advantageous polypeptides of the Invention contain In their polypeptide chain the amino acid sequence 
extending from the extremity constituted by amine add at position (16) to me extremity constituted by 
ts amino edd at position (89) represented on Rgure 2B, on the fifth Bno. 

It goes without saying that the free reactive functions which are present in some of the emlne adds, 
which are pail of the constitution of the polypeptides of the Invention, particularly me free cartxwyl groups 
which are carried by the groups Qfu or by the C-tormlnel amino add on the one hand and/or the free NH, 
groupe carried by me M-termlneJ amino add or by amino add Inside the peptidlc chain, for Instance Lye. on 
to the other hand, can be modified in so far as this modification does not after the above mentioned properties 
of the polypeptide. 

The molecules which are thus modified are naturally part of the Invention. The above mentioned 
carboxyl groupe can be scylated or estsrffled. 

Other modifications are also part of me invention, Particularly, me amine or ester functions or bom of 
28 terminal amino acids can be themselves Involved In the bend with other amino adds, For Instance, the N* 
terminal amino add can be linked to a sequence comprising from i to several amino adds corresponding to 
a part of me C*termlne) region of another peptide. 

The polypeptides according to the Invention can be glycosylated or not. particularly In some of their 
glycosyistlon sites of me type Aer>*8er or AsnOCOThr, X representing any amino acid. 
» Other advantageous polypeptides of the Invention oonelst In one of the following amino add sequences 

• me one extending from the extremity constituted by amino edd at position (-46) to me extremity 
constituted by amino acid at position («1) represented on Rgure 1. 

- or the one extending from me extremity constituted oy amino add at position (-21) to me extremity 
M constituted by amino add at position (*1) represented on Figure 1 . 

These polypeptides can be used as signal peptides, the role of which Is to Initiate the translocation of a 
protein from Ha site of synthesis, but which is exdsed during tranilocation. 
Advantageous polypeptides of the Invention are the ones constituted by : 

- 6Q8NQQNY, 
40 - PMVGIPRLVA. 

• GITLRTNQTPRDTYAADQQRNQ, 

- PPAAPAAPAA, 

• me one extending from the extremity constituted by amino acid at position (t) to me extremity 
constituted by amino edd at position (294) represented on Figure 1, 

40 - the one extending from the extremity constituted by amino add at position (-48) to me extremity 
constituted by amino edd at position (294) represented on Rgure 1, 

- the one extending from the extremity constituted by amino add at position (-21) to the extremity 
constituted by amino add at position (294) represented on Figure 1. 

- me one extending from me extremity constituted by amino add at position (-4$) to me extremity 
so constituted by amino add at position (-1) represented on Figure 1, 

- me one extending from the extremity constituted by amino acid at position (-21) to the extremity 
constituted by amino add at position (•!) represented on Figure 1. 

- GWDINTPA, 

• the one extending from the extrsmlty constituted by amino add at position (18) to me extremity 
ss constituted by amino add at position (W) represented on Figure 28, on the fifth Hne. 

It is to be noted mat the above mentioned polypeptides are derived from the expression products of a 
DNA derived, aa explained hereafter In me examples. 

- from the nucleotide sequence coding for a protein of 33*Pa secreted by Mycobacterium tuberculosis 
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- from the nucleotide sequence coding for e protein seereted by M. bovis BCO, or 
. from rotated nucleotide sequences which w!!i bo hereafter OesJgrAeOTyT& : C oenes. 
The Invention alio relates to the amino add sequences constituted by the above mentioned potypep- 
e tldaa and a protein or an hetert*>gout eequence with reepeet to said polypeptide, aatd protein Of 
heterologous sequence comprising for Instance from about 1 to about 1000 amino adds. These amino acid 
sequences will be called fusion proteins. 

In an edvantageoue fusion protein of the Invention, the heterologous protein Is * -galactosldase. 
The Invention also relate* to any recombinant nucleic edda containing st least a nucleic acid of tho 
io Invention Inserted In an heterologoua nuclelo add. 

The invention relates more particularly to recombinant nucleic add sucn as defined. In which the 
nucleotide sequence Of the Invention la preceded by a promoter (particularly an Indudble promoter) under 
the control of which the treneoription of said sequence Is flab* to be processed end possibly followed by a 
taquence coding for transcription termination aignala. 
7S The Invention also relates to the recombinant nucleic adds In which the nuolelo add eequenees coding 
for the polypeptide of the Invention and possibly the signal peptide, are recombined with control elements 
which are heterologous with respect to the ones to which they are normally aasodated within the bacteria 
gene and, more particularly, the regulation elements edapted to control their expression In the cellular host 
which has been chosen for their production. 
so The Invention also relates to recombinant vectors, particularly for cloning and/Or expression, comprising 
a vector sequence, notably of the type plasmld, cosmld or phage, and a recombinant nucleic acid of the 
invention, in one of the non essential sites for Its replication. 

According to an advantageous embodiment of the Invention, the recombinant vector contains, In one of 
Its non essential sites for Its replication, necessary elementa to promote the expression of polypeptides 
m according to the Invention In a cellular host and possibly a promoter recognized by the polymerase of the 
cellular host particularly an inducible promoter and possibly a signal sequence and/or an anchor sequence. 

According to another additional embodiment of the invention, the recombinant vector contains the 
elements enabling the expression by E. coll of a nucleic Odd according to the Invention Inserted In the 
vector, and particularly the elements enabling the expression of the gene or part thereof of j-galactotldaae. 
n The Invention also relates to a oellular host which is trsnsformed by a recombinant vector according to 
the Invention, and comprising the regulation elements ensbllng the expression of the nucleotide sequence 
coding for the polypeptide according to the Invention In this host 

Tho Invention also relates to a cellular host chosen from among bacteria such as E. coll. transformed by 
a vector aa above defined, or choeen from among eukaryotic organism, such aa CHO colli; Insect cells. St9 
ss cells [Spodoptera fruglperda] Infected by the virus Ac NPV (Autographs callfornloa nuclear pclyhydrosls 
virus) containing suitable veetore such aa pAc 373 P YM1 or pV(3. BmN [Bombyx mod] Infected by the 
virus BmNPV containing auHabie vectors such as pBEUO Of P68B310. 

The invention relates to an expression product of a nucleic edd expressed by a transformed cellular 
host according to the Invention. 
40 The Invention also relates to the use of any secreted polypeptide of the Invention as a carrier antigen 
for foreign epitopes (epitopes of a polypeptide sequence heterologous with respeot to the polypeptides of 
the Invention) In the Myoobaotortum bovis BCQ vaccine strain. 

The Mycobacterium bovia BC5 veccTrieswin used can be available from Instltut Pasteur (Paris), under 

49 The recombinant DMA comprising the nucleic acid coding for anyone of the polypeptides of the 
invention and the nucleic add coding for any foreign epitopes as above defined, can contain the promoter 
sequence of said polypeptide of the Invention, the signal sequence of ssld polypeptide, possibly the coding 
part of aatd polypeptide and the coding nucleic acid of the foreign epitope, said nucleic add of the forelQn 
epitope being for Instance 

so • either directly located after the signs! sequence, and If the coding part of the the polypeptide of the 
invention Is present upstresm the coding part of the polypeptide of the Invention. 

• or located downstream the coding part of the polypeptide of the Invention, 

• or located within the coding part of the polypeptide of the Invention. 

The recombinant DMA aa above defined can be transformed Into the vaccine strain BCQ where It leads 
ss to the expression and secretion of a recombinant protein antigen. 

Horn the nucleic scida of the Invention, probes (l.e, cloned or synthetic oligonucleotides) can be 

Inferred. 

These probes can be from IS to the maximum number of nucleotides of the selected nucleic acids. The 
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oflgonucleottdoe can also be used either m amplication primers In the PGR technique (PCR MulllS and 
Fatoena methods In Enzymotogy. vol. 1». p. 335, 1W to goners* sped*; ertzymatlcolr/ amplified 
Traomora end/or m probe* to detect frsgmente amplified between bracking oligonucleotide primers. 

The tpeoMelty of a PCR aeelsted hybridization uuy can bo controlled at different leva*. 

The ampllflcatlon procese or me detection proceta or both can be apecWc. The latter oaee giving the 
hlglw spedfldty Is preferred. 

The Invention also relate* to a process for preparing a polypeptide according to the invention 

comprising the following etepa; 

^ culture In inappropriate medium ol • cellular host which haa previously been trantformed by an 

to appropriate vector containing a nucleic acid according to the Invention, ^ | 

. the recovery of the polypeptide produced by the above Mid trantformed cellular hoit from the above 
said culture medium, and 

• the purification of the polypeptide produced, eventually by mesne of Immobilized metal Ion enmity 
chromatography (IMAC). t 

The polypeptides of the Invention can be prepared according to the classical techniques In the field of 

peptide synthesis. 

The synthesis can be carried out In homogeneous solution or In solid phase. 

For Intttnce. the synthesis technique in homogeneous solution which can be used is the one described 
by HouDenweyt m the DOC* titled 'Methode der organlschen chemle' (Method of organlo chemistry) edited 
9 by C. Wuneh, vol. 1 5-1 et It. THIEME. 8tuttgart 1074. 

The polypeptldee of the invention can also be prepared according to the method described by R.D. 
Merrlfleld in the article titled •8o«d phaee peptide synthesis- (J.P. Hem.Sooka. , 45, 2140-2154). 

The Invention also relates to a process for preparing the nucleic adds according to the invention. A 
suitable method for chemically preparlno the single-stranded nucleic edde (containing at most 100 

9 nucleotides of the Invention) comprises the following steps : 

• DMA synthesis using the automatic J-cyanoethyl phosphoramldltt method described In Bloorgante 
Chemistry 4: 274-S26, 1988. ^ , 

tn the case of single-stranded ONA, the material which Is obtained at the end of the ONA synthesis can 

be used as such. ijt t _ mM 

10 A suitable method for chemically preparing the double-stranded nucleic eclde (containing at most 100 
bp of the Invention) comprteee the following steps: 

. ONA synthesis of one sense oligonucleotide using Iho automatic fl-cyanoethyl phosphoramldlte 
method described In Bioorganio Chemistry 4; 27+325. 1068. end ONA synthesis of one antl-sonee 
oligonucleotide using said above-mentioned automatic J-eyanoethyl phosphoramldlte method. 
h - combining the sense and antl-aense oligonucleotides by hybridization In order to form a ONA duplex, 

• cloning tne ONA duplex obtained Into a suitable plasmld vector end reoovery of the ONA according to 
classical methode, euoh ss restriction enzyme digestion and agarose gel electrophoresis. 

A method for the chemical preparation of nucleic adds of length greater than 1 00 nudeoMee • or bp, In 
the case of double-ftranded nucleic edda • comprises the following steps : 
« - assembling of ohemloaHy synthesized oligonucleotides, provided et their ends with different restriction 
sites, the sequences of which are compatible wtth the succession of amino adds In the natural 
peptide, according to the principle described In Proc. Nat Acad. Sol. USA 80: 7481-7485. 1083. 

• cloning the ONA thereby obtained Into a suitable plssmld vector and recovery of the dealrod nucleic 
add according to classical methods, such as restriction enzyme digestion and agarose gel eloc- 

48 trophoresls. 

The Invention also relates to sntlbodies themselves formed against the polypeptides according to the 

invention. 

It goes without saying that this production Is not limited to polyclonal antibodies. 
* A | M relates to any monoclonal antibody produced by any hybridoma HaWe to be formeo according to 
so classical methoda from splenic cells of an animal, particularly of a mouse or rat, Immunized against the 
purified polypeptide of the Invention on the one hand, and of cells of e myeloma cell Hne on the other hand, 
and to be selected by Ha ability to produce the monoclonal antibodies recognizing the polypeptide which 
has been Initially used for the Immunization of the animals. 

The Invention also relates to any antibody of the invention labeled by an appropriate label of the 
ss enzymatic, fluorescent or radioactive type. 

The peptides which art advantageously used to produce antibodies, particularly monodonai antibodies, 
are the following ones gathered In Table 1 (referring to Figure 1) : 
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35 HjK-OOLBAQODYHCWOIMTPAre-COOH 57 

78 Hpi-TD*TfQP8Q3NOQHYTYXWBT-COOH 97 

174 xpi-XMSKMCPSSDPX¥iaWDPKV-CXX)H 193 

204 H,K-MWYCONOlPeDLCCDKIP-COOH 223 

235 HjH-MQTFRDTYAADGGRHOVFMP-COOH 254 

250 Hpi-OVniPPPM0IH8WPYWn!QL-C0OH 249 

275 HjN-DIQHVUWATPPAAPAAPAA-COOH 294 



The amino acid sequences are Qlven In the Hetter code. . . iM _„ 

Variation, of the peptides Uattd In Table 1 ere alee possible depending on their ntanded uee.For 
«amole M tha oeottde* are to be uaed to raJaa anflsers. ma peptide* may be synthesized with an extra 
r,Ze mmm^SSL Tift extra cysteine re.Woe .. prate*, added to th^lno = end 
tadHtate. the coding of me peptide te . enrier protein whteh la r*»«ury to ^»2L2? 
Immunogenic. « the peptide la te be labeled for use m ndlolmmune assays, Jhmay be ^«^"« » 
synthesize me protein with a tyroalne attached to either the amine or carboxyl terminus to adlltate 
Eon! ThaaeTptld.. po«e.. therefore the primary aeq.»nc* el the JPtdesHmed Mn Ttt M but 
with additional amino adda which do not appear in the primary eequence of the protein and whose aoio 
function is to confer the dealred chemical propertlea to the peptidoe. 

The InvoSon elao relate, to a proee.. for detecting In vitro antibodies related » tuoerculoala in a 
human biological aampie liable to contain them, INI process comprising 

. contacting tiTbWogk* .ample with a polypeptide or a peptide ***** *• ^SSZ 
condition, enabling*. In vttro Immunological reaction between said polypeptide end the antibodlee 
which are poaaloly presenflnthe blotogtaeJ aampie and 

• the In vitro detection of tha sntloen/tntibody complex which may be formed. 
PreterabTyTttie biological medium la eonititutad by a human serum. 

The detection can be earned out according to any daaeical process. 

By way of example e preferred method brings Into play an Immunoonzymaflc process according to 
ELI8A technique or Immunofluoreecent or radloimmunologlcal (RIA) or the equivalent one*. 

Thus the invention also relates to any polypeptide according to the Invention labeled by an appropriate 
label of the enzymatic, fluorescent, radioactive- type. 

Such a method for detecting In vttro antibodies related to tuberculosis comprises for Inetance the 

WI !*depoaTot determined amounts of a polypeptide composition according to the Invention in the walla of 
a titration mleropiato, 

• Introduction Into said wsBs of Increasing dilution* of the serum to be dlegnosod, 

• Incubation of the microptata. 

. repeated rinsing of the mleropiato. 

■ introduction Into me wells of the mteroplate of labeled antibodies against the blood Immunoglobulins. 

• the labeling of these antibodlee being carried out by meana of an eniyme whlen Is selected from 
among the ones which are able to hydrolyx* • substrate by modifying the absorption of the radiation 
of this latter at least at a given wave length, 

- detection by oompering with s control stsndsrd of tha smourrt of hydrolyzed SUDStrate. 

The Invention also relate* to a process for detecting and Identifying In vttro entigona of Juboraloslo 
in a human btotogtoal aampie sable to contain them, this process comprising! • contacting the blotogtoal 
ssmple with expropriate antibody of the invention under conditions enabling en in vitro Immunological 
reaction between said antibody and the antigens of M. tuberculosis which ere possibly present In the 
biological sample and the In vitro detection of the antigenTanttbody complex which may be formed. 

Preferably, the btelogtoaTSedlum Is constituted by sputum, pleural effusion liquid, broncho-alveolar 
washing liquid, urine, biopsy or autooay material. 

Appropriate antibodlee ere advantageously monoclonal antibodies directed sgslnst the peptides which 

have been mentioned In Table 1. 
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Tho Invention also relatea to en additional method for the In vitro dlegooale Of tuberculosle In a patient 
liable to te Infected by Mycobacterium tuberculoale comprietogThetollowtog etepe: 

• tho poaalbio provToue amplification ol So amount of the nucleotide aaquancai according to Vm 
Invention. Rabto to be contained In a biological aamole taken from said patient by meane of a DMA 

s primer aat as above defined, „ . 

- contacting the abovo mentioned biological sample wtth a nucleotide probe of me Invention, under 
eondWone enabling the production of an hybrWIiation complex formed between said probe and aald 

nucleotide sequence, 

• detecting tho above aald hybridization complex which has possibly Dean formed. 

10 To carry out tne In vitro dtagnoelic method for tuberculosis In a patient HeWe to be Infected by 
Mycobacterium tuboreutoa!o" ae above defined, the foHowlftg naeeaaaiy or Ut can be uaed. aald neceaaary 
or Wt compelling: 

• a determined amount of a nucleotide probe of tho invention, 

- advantagooualy toe appropriate medium for creating an hybridisation reaction between the seauence 
fi to be detected end the above mentioned probe, 

. advantagooualy. reegenta enabling the detection of the hybridisation complex which hae been formed 

between tho nuolectide eequence and the probe during the hybridlttflon reaction. 
The Invention alee relatea to an additional method tor too In yrtro dlegnoele of tuberculoma In a patient 
liable to be Infected by Mycobacterium tubereuloala comprising : 
20 - contacting a biological sample telow~F5nTpetlent with a polypeptide or a peptide of the Invention, 
under condition* enabling an In vitro immunological reaction between aald polypeptide or peptide and 
the antibodies which ere possIBly present In the blobgleel eample and 

• the in vitro detection of the antigen/antibody complex which nas possibly been formed. 

To ca7ry"out me In vitro diagnostic method for tubereuloala In a patient liable to be Infected by 
38 Mycobacterium tubercuTSalaT toe following nooeaaary or kit ean be uaed. aald neceaaary or Ml comprising: 

• a polypeptide or a peptide according to the Invention. 

- reagent* tor making a medium appropriate for the Immunological reaction to occur, 

. n^genta enabling to detect the antigen/antibody complex which has bean produced by the Im- 
munological reaction, aald reegenta possibly having a label, or being liable to be recognized by e 
so labeled reagent more particularly in the case where the above mentioned polypeptide or peptide la 
not labeled. 

The Invention alee relatea to an additional method for the In yttrc diagnosis of tubereuloala In a patient 
liable to be Infected by M. tubercutoele , comprising the feHowlngetepe: 
. contacting the biological eample with en appropriate antibody of the Invention under conditions 
as enabling an In vitro Immunological reaction between aald antibody and the antigens of M. tuberculosis 
which are Dt£JBT7 present In tho biological eample and - the In vitro detection of the antigen/antibody 
complex which may be formed. 
Appropriate antibodlea are advantageously monoclonal antibodies directed against the peptidee wnion 
nave been mentioned In Table 1. 
«o To carry out the In vtoe diagnostic method tor tubereuloala In a patient cable to be Infected by 
Mycobacterium tubercxiToaQw following neceaaary or kit can be used, aald neceaaary or kit comprising: 

- an antibody of the Invention, 

- reegenta for maWng a medium appropriate for the Immunological reaction to occur. 

. reegenta enabling to detect toe antigerVantibody comptexea which have been produced by the 
48 Immunotoglcaj reaction, aald reagent possibly having a label or being liable to be recognized by a 
label reagent, more particularly In toe case where the above mentioned antibody la not labeled. 
An advantageous kit tor the In vitro diagnosis of tuberculosis comprises: 

. ,t least a suitable eoHd phaaeeyatem, e.g. a mlcrotlter-plate tor deposition thereon of the biological 
eample to be diagnosed In vitro , 
co • a preparation containing one ol the monoclonal antibodies of the Invention, 

• a specific detection system for eeld monoclonal antibody, 

• appropriate buffer solutions tor carrying out the Immunological reaction between a test sample and 
said monoclonal antibody on toe one hand, and the bonded monoclonal antibodies and tho detection 
system on the other hand. 

w The Invention also reJatee to a Ut, as deecribed above, also containing a preparation of one of the 
polypeptides or peptides of me invention, said antigen of the Invention being either e standard (tor 
quantitative determination of the antigen of M. tuberouloale which la sought) or a competitor, with respect to 
the antigen which I* sought tor the kit to be uaed in a competition dosage process. 
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The Invention also relate* to in Immunogenic compoeldon eomprtatng • polypeptide or a peptide 
according to the Invention, In *a*oe(*tion with a pharm*c*uticslly acceptable vehlele. 

The Invention also relate* to a vacant compoeWon compflllng among other Immunogenic principle* 
anyone of the polypeptides or peptide* ot the Invention or the expreeeton product of the Invention, possibly 
coupled to a natural protein or id a eyntheee polypeptide having a sufficient molecular weight to that the 
conjugate la able to Induct In vivo me production of antibodies neutratatng Mycobacterium t tuberculosis , or 
Induce In vtvo e cellular lmm"uneTe*pon*o by activating M. tuborculoela anflgerwesponslve T cells. 

Th»~(5pSdes of the invention which are advantageously used at immunogenic principle art the ones 

mentioned m Table i. , „ , m ^ 

Other cherecteristlce and advantage* of the Invention win appear m the following examples and the 

figures IHustreBng the Invention. 
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figure f ; 

Figure 1 represent* tna nucleotide and amino add aequenca of the 65-0 antigen containing region of 

M. tuberculoal* : , , , 

The prevS usly Identifled 28 residue NHi-termlnsl amino acid atQutnet of the mature protein la 

underlined with a double Knt. One additional ATQ codon. downstream of the ATG et position 160 l* 
underlined. Glnce the precise length of the slgnsl sequence could not be determined, the option taken here 
represents the 46 amino add signs! peptide corrtlpondlng » ATQim. The putative signal peptide 
sequence Is represented In Italic capitals. The top drawing repreeente the eequendng strstegy. Arrow* 
Indicate the direction of dldeoxy-eequendng either In DNA *ubclened aa double stranded DNA in Blue 
Scribe M13* or aa alngle stranded DNA to the mpi8 M13 vector. The entire eequence wee determined 
using synthetic oligonucleotide* represented sa gray bouse on the figure. 



Figure 2: 

Figure 2 represents the homology between known nucleotide and amino add sequence of the sntlgen 
85 and the 6S-C antigen ot M. tuberculosis : 

k' Oompedeon of the OTJX eequenoee of enflgen 8SA, B and C : 

DNA sequence* have bean aligned with the 'Align* program which vlauatees multiple alignments. In 
this presenmion, sequence differences ere outlined : 

(.) Indicate identical residue* ; (-) Indlcetee a gap : (any letter) Indicate* a substitution. 

All the sequence* sre compared and aligned to that Of me flrtt Hne (gene 66-A). 

66-A : DNA sequence from M. tubercutosl* (Borremene L et el.. 1060. 'Ctonlng. sequence determina- 
tion and expression of a 32-ffTodaKon protein gene of Mycobacterium tuberculosis ' Infect. Immun. 

~" 65-B : DNA eequence from o-entlgen of Mycobacterium bovle (strain Tokyo) (Mstsuo K. et at. 1088. 
•Cloning and expression of the Mycobacterium bovt* BBS gene~far extracellular a-anflgen" J. Bacterid. 
1703847). 

KrC : DNA eequence from antigen 86-C (the present Invention). 

66-B-Kane : ONA eequence from antigen 88-B from M. kanaaali (Matauo K. et al.. 1880. 'Cloning and 
expression of the gene for crois-reectlve « antigen of Mycobacterium kanaaair - Infed. Immun. 66:660). 
83-C-BCQ ; DNA sequence from M ycobacterium bovle BCO strain It 73P2 (the present Invention). 



Indicates the presumed Initiation codon for each gene. 

(i) Indicates me first phenylalanine residue of the mature protein. 
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Indicate* tho wmlnttJon codon ot each gene. 

P7A and pro am uflu and entleenea pdnw. uMd tor PCH ampimCMOn 

The Indicated restrtcvon sitae have been uud to prepare the ftree type apaelflc pfODea. 

prewnUtloo. aaouooee dltto«n*» era outlined : -a-uwh-. 
(•) Indicate Identical residue* : (•) Indicates ft flap : (any tottoc) Indicates a subsmuoon. 
*j ma i-nuama art centered and aUIarMd to that of th* flrat Hne (pane 86-A). 
I!.? p!S^IaulKVSn M tobereutode (Borramene L. at al. 1889. "Ctonlng. sequence deter- 

^25 • Pretoln aequence ..antigen of Mycobacterium to* (atrak. TokyoXMeteuo K. at J., 1088. 
•aX ^ ateXoTtn. MvcZtortu m to* Bfl gj a TSTor axtreeellular a*** J. Beetor.0.. 

18 —2?; from riS^cS; <Ma».» * t .... ism. -a**,* m 

'^BC^PrCn <*• P-* 

20 Thd cheractmlitte motif It fr«m^. 

Figure 3 : 

Flour* 3 represents the hydropathy pattern of tf» M. tuberculoala 32*0e (antigen 8S-A), ft. -antlgan 
«i era fantfoen B8*B) and ftfifloafl BfrG from M. tuberculosis, amino add sequences : 

The twmTS E 3p£»oteln. (Inckidinq the presumed alQnal peptide aifloaia) have baa. 
uJS^SSSZ KyTand^odmie Wftod mnmim L at d.. 1888. -CkxHng. seauanco ^nation 
£S 7. mMM Protaln ftene of MlS5^#2^ 
a window of olgM amino edda. Been bar en ft. r^to lAJ IJt «JM 

- 

and a dashed Una to align hydrophlHe peaka. 
Figures 4A and 4B : 

38 Figure 4A rapraaanta the restriction endonudeeee mape of the three 8^ ^J**^ J 5 ** 

The map of oeoe 89-A la derived from Borr at d. (Bonemene L at d.. 1888, 'Clw no. aeouencft 
ddJSnaZ H^SL of a 32-KHoddton pretdn gene of^^um tg^™"^ 
67:3123). Tha map of BS-B was obtdned from clone 8.1 derived from our wy^Mtarium bog, BCQ 
*. TT73P2 xot1 1 recombinant library (Do WH L. el d., 1880. •Nucleotide sequence ef the 32 klM-protoln i Qena 
SS B6M tfSSumfeU BCO" Nod. Ac. Rea. 183895). For the restriction enaymea used, ftto 
^^^m^^g* 8CO (strdn^yo) ^V^JTlSSl £ 
expression of the Mycobadadum borfTWSgen. tor edracdkiltf •^J^A'JJJJ ^SenuS 
coding region of ftTSFB antigen li^edlBnad according to Mdtuo at ^S^j V^^^St 
4, and aipreaslon of the Mycobacterium bovls BCO gene for axtracdlutar --entfgen J ' B ^™' 
ThTmao of Bfr C wrreaponda to the reaOctlon map of etona 11^ thd waa Obtdned Wm the £ 
t^^VgUI^^TYouno (Young RA et d.^888, Of ^^^T^ 

Si antlgana using recombinant DNA" Proc. Natl. Acad. 9d. USA 825883) (M.^ sn • "mM*^ The 
poaWond the .pacific 5' DNA reaWdJon fragment usad for Southern analysis la Indicated on each map. by 

°° * 'CreTleprwenta me Southam of the totol ganomto DNA from Mycobactadum bevj. BCQ - 

(,tra, , n 6 ug^of dige^d DNA wu applied per lane. Hybr.dia.aon was •'^^^'^ d ^' 
8 B C (as described In Fig. 2A) or. after dashybddixdJon. with a larger DNA fragment In conditions 
• M h SSSlid method.. Part was obto.nl on a -p^ate gel. Motocutor wdghte of ft. 
hybridizing bands were calculated by comparison with standards. 



Figure 3 ; 
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nauro S mxtMoU the puloe ««« .lactrophor.il. of Mycobacterium tubewuloeja DNA : 

SS fromTT awlne 5 Mycobacterium tubercle w» ggO whh DraTand .oparetod by Pule; 

field eiectroonOTMl. on an agsrose gel ^£"^^£^7^ 11 £££k£7Vc 
Materiel end method.. After transfer to Nylon Mare, hybridisation wttn the three *08*bM*, «-B. 85-C 
was as described under Fig. 4. Molecular weighs of the hybridising bend, wera calculated by comparison 
with Hioee of the x DNA Tedder*. 

MATERIAL AND METHODS 

1. Pr.per.tlon of genomic DNA (Thole J. at ■).. 1886. 'Cloning of Mycobacterium bovja BCG DNA and 
expression of anflgene In Cechottehla yoB* Infect Immun. 60:3800) : 

M bovl. BCQ wee euWvated at 37" C In 8auton medium end herve»ted after an additional Irwbatlon of 
18 hrs in the ptoc oncw of 1% glycine added at the end of the l«to exponen«»l growth phaaa. The bacteria 
wire Vested wTlyWne and proteinase K, lyaed with sodium dodecyl .ulfate. phenol extracted and 
athano! pradpititod. 

2. Ganomlo llbrvfei : 

A xgtll recombinant library eonrtruotod from genomic DNA of M. tuberculosis (Erdman BWln^wa. 
obtained from Young RA. et al., 1B8B. "Dissection of Mycobacterium tuborcuioeis wrtlgen. udng reeom- 
blnant DNA" Proc. Natl. Acad. Set U8A 82:2683. 

A ~cor>d Xgttl recombinant llbrarywea prepared with genomic DNA from M. bovte BCG (Da VW Let 
al.. 1000. 'Nucleotide sequence of the 32 kDe-prottin gene (antigen 85A) of Mycobacterium bovl. BCG 
Nucl. Ac. Rea. 18:3895). 

3. Oligonucleotide. : 

Ollgonuoleotldee were synthesized on an Applied Bloaystama DNA synthesize! • model 1881 A, purified on 
OPC-cartridges (Applied Btosyitems). lyophlllxed and dlaaolved In TE buffer (10 mM Trle-HCl, pH 7.4). 

- *«*•• * J - * 18M - * Mo,ecu,,r clonlno:a 

laboratory manual* Cold Spring Harbor laboratory. Cold 8prlng Harbor. N.Y. 

4. PCR : 

4.1. Amplification and cloning of genomic DNA: 

60 no of Mycobacterium bovla BCQ DNA was amplified In a 50 ul reaction containing txPCR-buffer 
vJSJS£ sSmrSft, TuM-SJcn of sense P78 (6^CCQQ^ATQ0QCCQTQACATCMQ) and 
antlsenae P78 (5'-OCQQAATTCQQTCTCCCACTTQTAAQT) oBgonudeoilde primers (the location Of these 
two primers Is IndlcetedTnTRguTe 2A. Both oligonucleotides were added an EcoRI 3^ ** 
additional nucleotides), and 2 units of Tag DNA pofymereee. After ^baraVon for 80 £eor^ «t B4 C the 
ruction was submitted to 40 cycles consisting of 1 minute at 83 'C (denaturaUon). 80 aeconds at 55C 
(annealing). 2 minutes at 72 *C (extenalon). followed by a 6 minute final extension et 72 0. After 
with 150 HI Chloroform, the -mplltfd DNA. we. —had three time, wj 076 ml H.0 Jin. » Centr con-M tor 
8 minute, at 6800 rpm In the Sorvall 88 34 rotor. After digestion wfth EcoRI tne DNA was Hgated Into 
EcoRWIg..tad. pnoiphatoae-lmtod Blueacribe-M13» vector. DH5a E. coll (Qlbco-BRL) were trwaformed 
and plated on Hytwnd-N Alter.. Ootonlea war. .elected by hybrtdlselTon with »P^llgonucleotlde probe-A 
(5'-T06CCCQCCCTQTACCTQ) and probe-B (S'«TCACCTGCGQTTTATCTG). Hybridization and washing 
conditions for the oligonucleotides were as described by Jacob, et el. (Jacob, et al., 1888. The th.rmal 
stability Of oligonucleotide duplexes la aequenee Independent In tetrealkylemmonlum .alt solution.: applica- 
tion to Identifying recombinant DNA clone." Nucl. Ac Rea. 18:4837). 

4.2. Amplification of xg11 1 plaque. DNA : 

10 ul of each xgtll plaque (1 plaque wa rasuspended In 1 ml 8M medium containing 6% chloroform) 
were amplified In a 100 ul reaction containing 200 »M of each dNTP. 1 uM each o» sense dlgonucleottde B 
and ^serTollgonucl^de P7g primers, and U PCR buffer (Amaraham). After an Initial denaturatlon for 
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_ „ „ . _j Tmn nNl mlvmcrlM WWW Wd<JwJ. Th* lUCHOfl "48 aubflrtltlad tO 40 CydWl 

90 iacon<3« « W C, 2 *7*J^ ^orvoTii 00- C («m^n 9 ), 2 minute, wt 72* C 
conalatb* of 1 minute at WC (dw^aMtt). W aaconda « J J^3£3 „ . 2 % agaroae gel 
(•xtwntlon) followed Oy I 6 mint/tea ftnwl wtfwnwlon wt 72 C. 10 ul www an*y»o 
atained with othidlum bromide. 

S Sordino ot the xqti 1 M. tubarcutoala and Mycobacterium bovl. BCG rwco^nant DNA libraries: 

^"i^ IUTm hibweuKMlw V0111 library, on. bacteriophage #11 w« partially dlgeeted with 

8. Recombinant DNA enwlyeie : 

H w« a. deacrlbed in Borremana U at 1M, 'Otonlng, »qu.no. and a,pra..lon 01 a 

F0Wn Bwnw 01 Mvcc^umtubwculo... ' M Immun. £3123. 

7. Swjuwnclng : 

pJS Rat .U 1977, -ONA moahv wHh ah* ^^.VS B^TtSf 4S^ 
T«Sn) -tw aubdonlng of epeeM. frwomwrt. «n J^^. 1 ?^ g£ "iTjSi S Jpff M1« 

summarized In Fig. 1. 

8. Sequenc* comparison and analysis : 

w ^t, q m to* noetic acid and daducad amino acid sequences were 

40 o^^^bS^^ ■£ ;rsn ***** ™™jr™*: srss 

portonnoa wiuimo wow , a4aM u~iwUa«v Mtvehes used the FASTA programs from 

r^T,* riZ- ^^ Ac*. Set USA 

SSS ^;. v^' D 7X^.U^ tnTtSWawvwr MM* MuWpte foment. 
« Sire obtained with 'AHgn 1 .0V (Sdantlflc and Edoctionwl Boftwero). 

S. Southern blot analyala : 

n . nNA Mycobacterium bovla BCO waa comptetaly dlgaatad with 8phl, EcoRl or Kpnl, 

. te o^.^??^^tr&f^tD Hybcnd-N flhwr (AnuKwhwrn) after danatoraft* £d 
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rocomblnant pleemld r-med 0.1. derived from cur Mycobectorium to^BM ^br^O.. m«P .. 
preeentod In Fig. 4A (aee also Fig- 2A)- 86-C waa a 2W DP Smal-Kpni fragment from pleamld 11.2 

( ^1^o P, DNrfrtl?mwit wore prepared by got .leefrophonMle on low menng pointagaroae tallow* by a 
. rip J^tlon« dag*, (ma^eTby : W.Stburg. Nattwrianda) (Up 6) according 10 J-^J^ 
wSwcol and labeled In the preeence of .-»P-dCTP (Folnborg A.P. et tl.. 1883. 'A technique lor 
rebelling ONA restriction endonudeaae fr-gmanta to high specific Anal. Blochem. 132:0). 

10. Pulse Hold etecuophoreele ONA aeperetion : 

?e ONA preparation. reairlcOon enzyme dlgeatlon and pulatHlekJ gel etoctrophereala were performed aa 
pjouaiy described (Vincent Levy-FrebauK V. at .... II*™* »* m !**? m ' » £§§£3 
paratuberculoale. -wood pigeon mycobacteria' and reistod mycobacteria ^analyzed by flafi Invoraton g« 
electrophoresis' . J. CHn. Microbiol. 87:2723). Briefly calla from freah cultures we« mixed with 1% to* 

„ SS? *^>» ^ «d aubml-ad to auceeaalv. treatment. w«| ^^f'XhS' SSh 
Japan" lyaozyme. and tedium dodeeyi sulfate m the preeence of p^r^ K (Boehringar QmbH. 
Mannheim. Oermeny). Aftar Inactive*** of protelnMe K with phenylmemyleulfonyl ^ 
toriaal eoeroae btecka were digeeted overnight with 60 U 01 Oral (BIO-Rad Uboretodea). Then block, were 
SS t%tg^^preo«ed ******** In 0.08 TBE (Trto-berfo eetd - E0TA) (Vincent 

mvoobacterle» end releted myoobecterla analyzed by field Inversion gel electrophoresis-. 3. Clin, .IfenJM. 
SmntH inversion gel electrophoresl. wee cerrled out using . Oneetar Pulse (Onaator USA) 
SpSa. Forwerd and revTmee pulaea wore el at 0.33 . and 0.11 a at tha beginning of me run end 00. 
and 20 a (or 30 e end 10 e) et the end of tM run depending on the molecule/ weight zone to be expended. 
U The run time wee eat el 36 h. the voltage used wee 100 V end producing ebout 32S mA end temperature 
wee maintained et 18'C. Lambda eoneetemers were ueed aa molecular weight markere At the end of ttio 
ru" the gel. were stained with ethldlum bromide, photographed under UV light end Worred onto Nylon 
membrane, according to Manl.ti. T. et .1.. 1882. 'Molecular cloning: e leboretory manual- Cold Spring 
Harbor Leboretory, Cold Spring Harbor. N.V. 646 pp. 

so 

RESULTS 

1. Cloning of the B5-C gena of M. tubercuioala : 

* Blnoe no .pecHto probe or monoclone) antibody was available to detect epeclflcell, ^ 66-C or releted 
antigen which w- expected to beer extend, homology to gen. 85-A end gens ,8*8 JW. paring 
required the development of e new procedure. The ttretogy ueed wee baaed on the PGR amplification of a 
246 bp ONA fragment coding tor amino adds 18-98 Of the mature antigen 85-A choaen becauae It le 
surrounded at both ends by highly conserved ONA eequence. when ithe * "J*" *™. 

«c aligned (aee primer. P78 end P78 In Pig. 2A). h wee thus speculeted mat en equivalent homology might 
exltt with tha eequence of antigen 86^ In We same region. 

prom Mycobacterium bovla SCO genomic ONA e £46 bp ONA fragment waa ra.dlly obtained. The letter 
wu purlf tod and aubdonVd In a Bluo acnba MIS* vector after dlgeetlon with EcoHI. About 80 recomblnent 
plaamld containing eotonlee were tested by plating on nylon Altera end hybrldlzod In . 

at wRh e labeled ayntheOc oligonucleotide rocognlztog either aoquenoe 88-A (6'-TCQCCCOCCCTQTACCTG 
ITaequenoo B (S'-TCACCTQCOOTTTATCTG) within the PCR empMfled fragment (aee Pig. ZA). Several 
clonea that hybridlxed with each probe were sequences and the eoquencee were ell Identlcel to eequenee 
65-A in tne ctonee hybridizing with probe A. In thoae hybridizing with probea 86.8. two klnda of aaquaneea 
were found : either the 86-B eequence (Meteuo K. et el.. 1888. •Cloning and expression of the Mycobac- 

u torlum bovla BCQ gene for extracellular a-anugen' J. Bacterid. 1705847) or e new 65-8-related se^ence 
descrlbeoTn rig~2A. The letter preeente e marked aequenoe dlvergenee covering 24 nucleotides which Is 
totally dlatlnot from eequenee A end B (Fig. 2) (The homology to sequence B IS only 40% In this regton). 
Auumlng theee Inserts might represent an amplified fragment of the 85-0 gene and I thai : thla 24 nucleoWe 
sequence Is cherecterielic of the putative 85-C geno en oligonucleotide probe (probe 8S-C) baaed on this 

aa aequence wee eyntheabed. . u .«-» 
The latter probe wee labeled wltfl "P and used to screen e collection of 24 Xgtn recombinant ^hagee 
mat were selectod In our M. tuberculoela end Myoobeoterium bovje BCQ Vgtll libreriee by hybr dlzetlon 
with e 800 bp Hlndlll DNT fragment of the prevtoualy doned ger»83-A (Borrernena L. et el.. 1800. 
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-Cloning, eoquence dotomtinetton and expression * a 32-ttlodalton protein gane of MycobaCTnum 
tuberoulotlt' Mact Immun. 57:3123). . . Ku 

Among tooae phage*, tan containing the "B" oHgonuelcctide sequence ••«*«*•' "l«Md by 
«.3cnM8»»wlna probe 0 (mom) end oligonucleotide P79 as anfitense. TWe email cgltoctton of 

hybridtflng xgtil-M. tuberculosis recombinant mi retained, characterised by metrletlon mapping *nd 
sequenced. 

2. Sequence trf the 86-C gene : 

The 1211 nucleotide sequence derived from various sequenced fragmento It represented In HQ. 1. The 
DNA^^oSn. VTSTbp teofl op* reeding frame, ate^ng at portion » i^TS^l 
TQA codon it po.moo 1170. The common NH2 terminal amino odd eoquence of the antigen 
P^iTXa-P^Qty-Leu (De Bruyn J. et 1987. -PwWorton. partial eh*^ri«tlon and ld^tl<50 Of 
.a rSwe^toln entige" of Mycobacterium bovl. BCQ" Mtaob. Pathogen. 2:361) could be locetedwlthn 
' ;.7op;« msdlng frame f ro m 4 nucl^oe M^^begl^ng wltoeTTC eodon >, 
Thornton* the ONA region upsveam of thl. sequence la expected to code tor a signal peptide irtqtf rod for 
«Te«retion of toieirfgen. The mature protein consist* of 294 amino add residue, corresponding to a 
calculated molecular weight Of 82.021. mmtnmntm 
» Interestingly, the N-tormb-l eoquence of the mature protein contain, the ^ » amlno^ iequen« 
(plH«^.rg W ly-leo^ ) ro^lu^^ * 
scribed by Wlxer M.O. et el.. 1990. -Evidence for three Mparsto genea encoding the protein, of Jhe 
mycobacterial entigen 85 complex- Infect Immun. S8S72. and which differs only from the common 83-B 
and 8S-A sequence by an alanine instead Of a proUniTn poaltton 10 of the meture protein. Two ATO eodone 

* lera , Sund » precede the TTC pbenylelenlne codon at nucleotide position 288 (Fig. t) in the um. reading 
Tame alee of tooee two ATO would lead to the eyntheela of algnal peptide* of eltner 21 or 48 amino acid 
residues (the latter situation haa been represented In Hfl. 1 for reaaona Indteeted below). 

The DUO compoitton of antigen 8*0 gene wu Identical to (hat of the 8&.A gene with an overall G-C 
J^JESE* • -X for 0 or C to oodon ^'^"^t/^ 

* antigen 86-A end 85-B that contain 3 cyatelne. too sequence of entigen 86-C ahewe a elngto cysteto msWue 
« portion 254. In feet the two substituted cyetetoa are located to the reQlonoffre mature 86-C protein 
whS contotoa toe largest divergent sequence bloc (Hg. 20) (8QSNGQNY) (The correspond.np ONA 
Mquence wm used to .ynmes^Ttoe oligonucleotide probe -C (eee ebove)). Not surprisingly, thl. 
hXhlllc reg.cn Is leo & met divergent when toe hydropsy ^^T^J^ZT^C 

» thus could be either e variable -epitope" of all 86-enttgeoa and/or a characteristic epitope of entigen 8S-C 
since It waaaleo found In entigen 85-C from j^bovls BCQ. ^^w* mmimm 

Another characteristic feature of antigen 86-6 Is the preMnce of the unusual hydrophobic repetitive 
proline alanine motive PPAAPAAPAA at toe eerboxy-tormlnel of toe molecule. 

so 3. Hydropathy pattern : 

The hydropathy pattern of M. tuberculosis 86-C antigen wee determined by the method of Kyte end 
DoolKtle (Kyte J. et el.. 1982. ■BTmpTTmethod for displaying the hydropathy character of ■ Protein J. m. 
Blot. 187:108). The oetapeptlde profiles were compared to antigen 89-A end 85-B (Fig. 3). As anticipated 
as from too amino add sequences, the patterns ere roughly similar for the three antigens except for some 
major differences et region 84-92 and In the earboxy-tormlnal pert of me three protein*. 

4. Sequence nomologiee : 

M ONA sequence* from entigen 86-A (Borreman* L et ah, 1988. "Cloning, sequence detom^natlc^snd 
expression of a 32-KllodeJton protein gene of Mycobacterium tuberculosis ' Infect Immun. 573123 : De Wit 
L et al.. 1990. "Nucleotide sequence of toe 32 kDa-proteln gene (antigen 85A) of Mycobacterium bovla 
BCQ' Nod. Ac. Res. 185885). 85-B (MatSUO K. *t Si., 1988, 'Cloning and expression of fro Mycobsotorlum 
bovTl BCQ gene for ertecelluler .-antigen- J. Decteriol. 170:3847 : Msnlads T. et si.. 1982. "Molecular 

es MflTTlabcxatcry menuel" Cold Spring Harbor Laboratory. Cold Spring Harbor. N^. 645 pp) and 88^C 
war* aligned An alignment of the tore* ONA sequence* to shown In Rg. 2A. At the ONA level, toe 
homology I* maximal between the regions coding for the 3 meture proteins, to this rsglen. the homology 
between A and B Is 77.6% whereee it reMhes only 70.8% between the coding regions of gene* A and C 
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«w deTlfl^ homotoalos to *• 86-C antigen ammo Odd sequence. Ae <or the 85-A entlgon, the 85-C 
Swam rSTSSn The ROD otTbrunectifl binding preteln. nor doe. h sh*/. tny homology to 
Z^ZoS?^ or to the fibror*e«n ^^SSfSl^ with 
Comparison of the P«tW DNA sequences Of tf» 86-C gene of the M. boyta BCO *«« *™ 
M T STI ttEwSfc e** .bow. 83.8% homotegy at the DTlA I^TO ^ ^""J" 
.l/r./rJ^^-te m« 0 Uoo C I* entirely oor««v«d. Major differences tn Ihe region Of the 80-C gene DNA 
SS^££SSw^m to 629 of W «8« 66.A msunj, 5 em.no ^ ^ ^ 
interestingly thoDNA Sequence of BOG 86-C within this divergent region le 100% homologous to the 
sequence 86-8 (Pig. 2A). 



9. Qenome characterisation : 



In order W confirm the existence of different gene, coding for the entfgen 85 complex M. bovls BCQ 
genTk^ wTSglld with 9 ph.. EcoR. and Kpn. snd*. ^^^TS w» 
examined In Southern blot after hybridization with three specific ullgonudeotldo (A. B, q iproboe (eee 
Zmvi mZ£*« rig. 2A). Three cteariy dUtlnet petto me were obtained confirming tha.pecl^ty 
7 rMMbTSkt type epecMe profile, could be obtained with three rendom priming totaled DNA 
*^%mT^£k BO* BM, 400 bp. 6*C MOM wNch were «M «M. *• 
nmmaier .(anal aeauenco of the three DNA. (Fig. 2A end 4A). With thete three DNA restriction fragments. 

wWchdeeriy correspond to cross hybrtdlzaton of the probes to 

rShTg^V^probe 86-0 on ***** m**<~* -^^^ £££ of 
the C^ollgonucleoOde probe. This probebfy Indteete. thet the corresponding Kpnl sRe It toatod "OStfesm ^ 
thl, g.ne 9 Furtrwrnoreth. .tee of the observed restriction fragment. «e not oJMy^y ^ wpedod 
*■ ,*«rietton msos of the corresponding cloned genes. These dlsorepende. probebly correspond to 

SlfeSgT? tTe^gTn ^^^7^ DOVlS BCQ and the M. borl* BCQ (.train Tokyo) 
and M. tuberculosis respocdvety. 

8. Pulse field analysis of M. tuberculosis genomic DNA : 

When the target available 86-A done BY-S wee hybridised (Fig. 4A) with ollgonucteotlde B. no portthre 
standi £t22 "whom- ollgonucleoHO. A gave • DoeWve hybddU^Uon (not ^own). TWoi 
bias b I. not looted within Z-ZA W) of the 6* end 4.0 Kb of the 8* border of gene A (Fig. 4A). To confirm 
^^^TTukZ^ Mpsreted Dr^flMtedM. ^rcuiosta gonomlc DNA we. further 
hybridised with three .pecffle DNA proOM 8S-A. 86-B end 6*CTn ^ n , wh|e _ m 

BOht Strslns of M. tuberculosis were compered ehowfng eh dWeiert jmmim. 
inustreted In Fig. 6. For most strslns e«smlned the three probe* nVOrtdlied to tmgment. t^dWmnt sizes. 
, STEmmo. I« M. tuberculosis M37R*, the sl» of the Drs. to*^*****^ ^ ^ 
Cwere about 247 ^1 2ti b sn J24Tkb for etreln H37R., 408 kb. 2t2 kb snd 104 kb for strtln M37Rv and 
365 kb. 104 kb end 183 kb for etreln M026'. Although vsnous strtlnf Show some reslrictlon 
polymorphism with restriction endonudeese Drsl. the simplest Interpretation of these resulte Is thst the three 
antigen 68 genee ere distantly located <► 100 kb) whhln the myeobecterisl genome. 

9 

Clelme 

1. Nueto ^Jj[ d nucleotide sequence extending from the extremity constituted by the nucleotide st 
^ooTl'toTooxtrern^y conrttuted by the nucleotide st position (148) represented on RQure 

containing ona at least of the nucleotide sequeneee coding for the following peptides or 



1. 
or 

polypeptides ; 
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- the one extending from the extremity constituted by amino add at position (-48) to the 
extremity constituted by amino acid ct position (-1) represented 

- tM on* extsnOKig from the extremity constituted by emtoo odd at portion (-21) to the 
•xtremlty constituted by amino add it poeMon (.1) represented on Flgufa 1. or 

, . SQ8NQQNY. or 

• PMVQlPRLVA, or 

. QLTLRTNQTPR0TYAAOO0RNQ. or 

. PPAAPAAPAA. 

• or containing nwcteoUdfc sequences : ^ 

f0 - hybridising wtth the ebove-rr*ntJoned nucleotide f tholr a*"?* 6 ™* 01 *' 

• complementary » BboveTTtentlened nucleotide eequenoee. or 

. wnlchsretheefc^emioned nucleotide sequences wherein T can be replaced by U. 

2. Nucte |c add according to claim t, containing the nucleotide eequence ending lor tha following D«ptlce : 
it SQSNQQNY 

end Sable to hybridize with ** following nuclaotldo sequence : 
CQOCTQQOAC(or -OATCAAOACCCCGGC 
end liable to hybridize) neither with 
QCCTQCQQCAAQQCCOQTTQCCAQ 

so nor with 

GCCTGCGQTAAOGCTOQCTGCCAQ 

nor with 

GCCTGCGGCAAGGCCGGCTGCACQ. 

» 3. Nucleic add according to anyone of cleime t or 2. containing en open reading trama codlno tor a 

P0 '. yP |l!oJ to react eeiectivery wltn human aera from tubereutoele pedenta end particularly patients 
developing an evdutlvo tuberculoala, 

- or lleble to be recognized by antlbodlaa alao recognizing thf amino add sequence extending 
jo from the extremity constituted by amino add at position (1) to the extremity constituted by amino 

add at posltfco (284) repreeemod on Figure 1. 

- or liable to generate antibodies recognizing the amino add sequence extending from the 
extremity constituted by ammo add at position (1) to the extremity cenetituted by amino acid at 
position (284) represented on Figure 1. 

39 L Nudeic eetd according to anyone of cWms 1 to 3. containing an open reeding frama and coding for a 
mature polypeptide of about 30 to about 38 kO end containing a sequence coding tor algnel 
eequence. 

« 6. Nucleic scld eecortlng to olalm 1, containing a nucleic sdd coding for m* following polypeptide! : 

. the one extending from the extremity constituted by amino add at position (-46) to the extremity 
conrttuted by amino add at position (-1) represented on Figure 1. or 

• the one extending from the extremity constituted by amino add at position (-21) to the extremity 
constituted by amino add at position (-1) represented on Figure 1, or 

4S - the one extending Irom the extremity conrttuted by amino add at position (.48) to the extremity 

constituted by amino add at position (204) represented on Figure 1 . or 

• the one extending from the extremity conrttuted by amino add at position (-21) to the extremity 
constituted by amino add at position (204) represented on Figure 1. or 

. the one extending from the extremity constituted by amino add It position (1) to the extremity 
so constituted by amino add at position (294) represented on Figure 1. 

6. Nucleic add sequence according to anyone of claims 1 or 2. confining a nudete add coding tor a 
polypeptide sequence extending from the exfremlty constituted by amino sold at position (18) to me 
extremity conrttuted by amino add at position (09) represented on Figure 2B. on the Win line. 

SB 

7. Polypeptide coded by the nudeic adds of anyone of dalma 1 to 0. 

8. Polypeptide according to derm 7. containing In tta pdypeotide chain one it least d the following amino 
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^^e^tendlng from the extremity constituted by amino add « position Me) » the wtremlty 
constituted by amino add at position (-1) aw*™*™ Figure 1, 

- or the one extending from tha extremity constituted by amino odd it position («21) n tne 
axtramlty constituted by amino add tt position (-1) represented on rigor. 1, 

• 8Q8NQQNY. 

• PMVOIPfllVA, 

. QLTLRTNQTPR07YAADQQRNQ. 

- PPAAPAAPAA- 

9. Polypeptide according to dalm 8. containing In Ita polypoptldo chain tha fallowing amino acid 

sequence; 
8Q6NQQNY 

and ma amino add sequence 
OWDINTPA 

and containing not tha amino add sequence 
ACQKAQCQ 

and not tha amino add eequonoe 

ACQKAOCT 

10. Polypeptide according to anyone of clalma 8 or S. liable to react Selectively with human aera from 
tuberculoma patlenta and particularly patlanta developing an evolutive tuberculosis, 

or liable to be recognized by antibodies aleo recognising the polypeptldle eaqiienee extending from the 
extremity constituted by amino add at position (1) to me extremity conatltuted by amino acid at 
position (284) represented on Figure 1, _ 
orTlaHe to generate entibodie. rwognldng the P*P»^ B ^'™ ™ ™J?& 

constituted bVamlno add at position (1) to the extremity conetltuted by amino add at position (294) 

represented on figure 1. 

11. PdypepUde according to anyone of dslms 8 to 10. of about 30 to about 35 kD and preceded by e 
signal peptide. 

11 Polypeptide according to dalm 8. containing In Its polypeptide chain one at least of the following amino 

• *S^n?eidendlng from the extremity constituted by amino add at position (t) to the extremity 

constituted by amino add at position (294) represented on Figure 1. or 
. the one extending from the extremity constituted by amino add at position (-46) to the extremity 

constituted by amino add at position (294) represented on Figure 1. or 
. the one extending from tne extremity constituted by amino add at position (-21) to the extremity 

constituted by amino add et position (294) represented on Figure 1 . or 

- the one extending from the extremity constituted by amino add at position (-48) to the extremity 
constituted by amino acid St position (-1) represented on Figure 1 , or 

- the one extending from the extremity constituted by amino add at position (-21) to the extremity 
constituted by amino add at position (-1) represented on Figure 1. 

13. PdypepUde according to anyone of claims 8 or 9, containing In Ka amino polypeptide Chalnt hO amino 
add sequence extending from the extremity constituted by amino add at position (1 8) to the extremity 
constituted by amino add et position (89) represented on Figure 26. on the fifth line. 

14. Amino eeld sequences constituted by S polypeptide eccordlng to anyone of delma 7 to J*. «*• 
protein or an heterotopia eoquenoe with respect to eeld polypeptide, ssld protein or ^»logou8 
sequence comprising from about 1 to about t. 000 amino adds, the heterologous protein being 
advantageously J-galaetaddeee. 

18. Recombinant nudelo add containing at least one of the nucleotide eequencee eccordlng to anyone of 
claims 1 to 8. inserted In a heterologous nucleic add. 

18, Recombinant vector, particularly for cloning and/or expression, comprising a vector sequence, notably 
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d too type DMn«. eoemid or phage, ond a recombinant m«Wo odd eccordng to anyoi* d eldme 1 
to 6 .In one of tho non eeeonod enee for He fopBetfon. 



,, 0<U ^- Nnmm vactar -cordino to claim 16, containing In one d Ita non eaeerriaJ attee for Re repHC«Wn 
17 * to^^trT«proUn oTSyPKt^ ^J^^Iar » 

71 «Mer host and^oSbly « promoter ^ by ^ jJj^^J^n^ 
plrtJcu larty en induetl Wo promoter end poeelbly . eigne! eequenee anaVor tn ertonOrtng eequenco. 



TO 



18. Rocomwnwt vector ***** to cWm ir.c^ tt- .^ jj^^.^^ eg 
of • nucleic odd oooordlng to wyono of dalme 1 ^ r ^,JV^,^f 0r ' "* ^ ' 
elemento enabling tho expraaalon ol toe gene or pert thoroof of f-^iecteeweae. 

it rvitiimr ho* which It frendormed by • recombinant vector according to anyone of ctalm. 1 8 to 18, and 
11 c^..^*^ tho eapreadon of tho nucleotide ae<u.nc. coding for me 

polypeptide according to anyono of elaima 7 to 13 In thlt hoai 

20. cellular hod according to claim IB, choaen from among ba«orto auoh a. I^J^"^^ 
vector according to claim 18. or ohoaan from among etikaryotie orgartam. trantformod by tho vector 
according to claim 18. 

' 21. Expreaalon product of a nucleic acid e*pre.«d by a tr^aformod Cellular hoat eccordlnfl to anyone of 
claim* 19 or 20. 

a Antibody character** by tho fact thai It la dlrod* again* a recombinant polypoptldo according to 
i anyona of dalma 7 to 13. 

as. Nuclootldlc probe., hybridlalng with anyone of tho nucleic add. according to anyone of claim. 1 to 8 or 
wfth their complementary aequencea. 
o 24. Prooee. for preparing a recombinant polypeptide according to anyone of dime 7 to 13 comprlalng the 

^Sro-.n.eo.eppr^m^.um of . eenutarhoj which hu P^^been Jandormod by 
en appropriate vector containing a nucleic add according to anyone of claim. 1 to 8. end 
. IVnSw of the potypoptldo produced by the above .aid bandbrrn^ collular ho« from the 
B above odd culture medium. 

28. Method for tho in yitro diagnoala of tuborcuted. in a pattern lid* to be Infected by Mycobacterium 

^t«£^Sg.cd aampte taken from . patent whh a ZETJi 
Sum. 7 to Tunder condition. enebRng an In vitro Immur^toglcal reacts Wween add 
polypeptide and the ardbodlee which are poaalbly Praaant in (he billed a^^and 
. m.rS (tatactton of the entJgerVantlbody complex whteh haa been poaalbty formed. 

28. Method for too In vitro dlagnoala of tubetcutoeia in a patient liable to bo Infected by M. tuberouloala. 

" C °T^^JX : eampte wt* « appropriate antibody ecccrtlng tol tf. » ^der 
condition! enabengen In vitro Immunological reaction between add endbody and too ardgena d 
M.tuborculoala which aropSelbly preeont In tho btelogloal a^ple arjl 
. the in vhro d ef e ction of toe a/dgetVamloody eompioa which may be formed. 

" 27. Neceeaary or Wt tor en In vto dlagnoatlc method tor tuberculoma In a patient Rabta to be Infected by 
Mycobacterium tuberculoale oooordlng to dalm 25, comprlalng 

• a polypeptide according to anyone Of Cldma 7 to 13. 

• reagent, tor mddng a medium appropriate for the Immunological reaction tooccur 
. maoentelneWtoVto doted toe antigen/antibody complex which haa been produced by the 

3u^^«%Sd re^ente £ulDiy having . £ 
a laDeieoVeagem. more particularly in toe caao where toe above mentioned polypeptide la not 

labeled. 
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2jbl Neceaeery or Wt f or an In vttro dlagnoette method for tubereuloele In • patient liable to be Inf acted by 
Mycobacterium tuberculoma according to etalm 28. competing 
. an antibody according » claim 22, 

♦ reagents tor meHng a medium appropriate for the immunotegteal reaction to occur. 

• reegants anabUng to dated the antlgen/anflbody COmpiexee which haw ba«n produced by tha 
immunological rMCttn. art reagent, poaalbly having • label or being liable to be rewgnlied by 
a label reagent, more pertloularfy In the eaae where the above mentioned antibody It not labeled. 

29. immunogenic compoattton comprlalng a polypeptide aooordlng to anyone of elalma 7 to 13. In 
association with • pharmaceutteally acceptable vehicle. 

90. vaccine compoattton comprlalng among other immunogenic prlndptoa anyone of the polypeptides 
according to elalma 7 to 13 or the expression product of claim 21. poeelWy coupled to a natural protein 
or to a synthetic polypeptide having ■ sufficient motocutar weight ao that the conjugate la able to 
Induce In vivo the production of antibodies neutralising Mycobacterium tuberculosis , or induce in vfvo a 
cellular Immune response by eciivatlno M. tuberculosis antigen-responsive T cells. 

31. Peptides of claim 7. advantageously used to produce antibodies, particularly monoclonal antlbodlee and 
which have tha following amine add eeguencea (referring to Figure 1) : 





38 


HjK-DOlRAQODYNCHOINTPAFB-COOH 


57 




78 


H t N-TDHYQPSQ8MGQNYTYKIfET*COOH 


97 


as 


174 


HjN-ANSKWCPSSDPAWKRHDPMV-COOH 


103 




204 


HjH-RIUVYCGNCTPSDLCGDNIP-COOH 


223 




235 


H|H-NQTFRDTYAADCCRNCVFHF-COOH 


254 




250 


HjH-GVKK r PPNGTHS WPYWf EQL-COOH 


269 




275 


HjH-OIQHVLHCATPPAAPAAPAA-COOH 


294 



39 32. Myc obacterium bovia BCQ vaccina atraln trantformed by a rocomblnam DNA sequence comprising a 
polypeptide iew^TTanyone of claims 7 to 13. and an epitope of a polypeptide sequence 
neteroioooua with reaped to eald polypeptide. 
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